Introduction {#sec1}
============

Prostate cancer (PCa) incidence rates show an upward trend year after year. According to statistics, in the United States, in 2010 217,000 men were diagnosed with prostate cancer, and then there were 32,000 cases of men dying from metastatic PCa \[[@cit0001]\]. With the aging of the population and the change of diet structure, the incidence of the disease is increasing year by year, and it is estimated that by 2050 the PCa incidence rate will increase 2.5 fold \[[@cit0002]\]. The aetiology of PCa is complex and may be related to lifestyle, age, race, environment, heredity, sex hormones, and other factors. In recent years, more and more studies have suggested that chronic inflammation of the prostate might be an important factor in the occurrence and progression of PCa.

Inflammation provides a suitable environment for the growth of tumours. In the nineteenth century it was noted that tumours often occur at the site of chronic inflammation \[[@cit0003]\]. It was also reported that many tumours are closely related to inflammation: bronchitis and lung cancer; cancer of the bladder and cystitis; chronic ulcerative colitis and colon cancer; hepatitis B and C virus-induced chronic hepatitis and hepatocellular carcinoma; and Epstein Barr virus infection and nasopharyngeal carcinoma \[[@cit0004]\]. Therefore, it was speculated that chronic inflammation of the prostate might be related to the occurrence and development of prostate cancer \[[@cit0005], [@cit0006]\]. Consistent with this, a study found that in five years of follow-up the incidence of prostate cancer in patients with chronic prostatitis was higher \[[@cit0007]\], and that in a prospective study of 5821 males with mean age 65 years in a community in California, USA, the correlation ratio between prostatitis and prostate cancer was 5.4 \[[@cit0008]\] In addition, by methods of meta-analysis, it was shown that there was a positive correlation between chronic bacterial prostatitis and prostate cancer \[[@cit0009]\]. These studies suggested that chronic inflammation of the prostate was closely related to prostate cancer.

So, in this study, to investigate the effects of inflammatory mast cells on the proliferation and invasion and metastasis of prostate cancer cells, we constructed a coculture model of mast cells and prostate cancer cells *in vitro*, and clarified the phenomena of the migration of mast cells to prostate cancer LNCaP cells, promoting the proliferation of tumours cells, and then explored the possible mechanism.

Material and methods {#sec2}
====================

Material {#sec2.1}
--------

Human prostate cancer LNCaP cell line and mouse mast cell tumour P815 cell line were purchased from the Chinese Academy of Sciences, Shanghai Institute of Life Sciences cell resource centre. DMEM/F12 (1 : 1) culture medium, RPMI-1640 medium, and the MTT reagent box were purchased from Wuhan Boster Biological Technology Co., Ltd.; foetal bovine serum (FBS) was purchased from Hyclone Laboratories, Inc. in the United States; the Transwell chamber and plates were purchased from Corning, Inc.; total cell protein extraction reagent and gel for the preparation kit were purchased from Taiyuan biological Co., Ltd.; Rabbit anti-rat SCF monoclonal antibody and Rabbit anti-mouse c-kit monoclonal antibody were purchased from Cell Signaling Technology, Inc. (USA).

Cell culture {#sec2.2}
------------

Human prostate cancer LNCaP cell line and mouse mast cell tumour P815 cell line were maintained in DMEM/F12 (1 : 1) culture medium or RPMI-1640 supplemented with 10% (v/v) foetal bovine serum (Hyclone) and antibiotics (100 U/ml penicillin and 100 μg/ml streptomycin) (Hyclone) at 37^o^C in an atmosphere of 5% CO~2~.

To establish an in vitro cell coculture model for cell migration test {#sec2.3}
---------------------------------------------------------------------

The 24 Transwell chamber was used to construct the coculture model of LNCaP cells and P815 cells. The prostate cancer LNCaP cells was selected in the logarithmic growth stages, and after 0.25% trypsin-0.02% EDTA digestion, transferred to 10-ml centrifuge tubes at 1000 rpm centrifuge for 5 min. Then, after discarding the supernatant, the cells were counted and the cell concentration was adjusted to 5 × 10^5^/ml; P815 cells that showed cell growth in good condition were collected and moved into 10-ml centrifuge tubes at 1000 rpm centrifugation for 5 min. After discarding the supernatant, the cells were counted and the cell concentration was adjusted to 5 × 10^5^/ml. 1 × 10^5^ prostate cancer LNCaP cells were moved into the lower chamber, and cell suspensions were allocated to 0.6 ml to be adherent to prostate cancer cell line LNCaP; ventricular supernatant and rejoin the equivalent of new culture medium; supraventricular join 6 × 10^4^ P815 cells, volume of 0.2 ml; Transwell chamber into 37°C, 5% CO~2~ incubation cultured for 24 h; 24 h after coculture, cell numbers of mast cells was migrated to the lower chamber, and counted, and calculation of mast cell migration rate was performed.

MTT test to assertain the effect of mast cells on the proliferation of prostate cancer cells {#sec2.4}
--------------------------------------------------------------------------------------------

Prostate cancer cells with cell growth in good condition were selected. After 0.25% trypsin digestion, single cell suspension was resuspended and adjusted to the concentration 1 × 10^5^/ml; 4 × 10^3^ cells per hole were seeded in 96 well plates, each with a volume of 100 μl, at 37^o^C and 5% CO~2~ in a constant temperature incubator, for prostate cancer cell adherence; discard the old medium, to join the new medium; mast cells with different concentrations, adjust the final cell concentration was 10^4^, 10^5^, and 10^6^/ml, the concentration of repeat 5 holes, set at the same time without big negative cells of the control group, in 37^o^C and 5% CO~2~ in a constant temperature incubator culture; 3 well plates were incubated for 12 h, 24 h, 48 h, and the medium containing mast cell supernatant was discarded, each hole by adding MTT solution (5mg/ml) 20 μl, adding 100 μL medium into the culture medium, at 37^o^C and 5% CO~2~ in a constant temperature incubator for 4 h, the termination of the culture; careful ceiling abandoned hole in the culture supernatant, each hole by adding 150 μl DMSO, oscillation for 10 min, the crystals dissolve fully; 490 nm wavelength was chosen, in enzyme linked immunoassay instrument determination of each hole light absorption value (OD), recording the results; with time as the horizontal axis, OD value for the vertical axis drawing cell growth curve.

qRT-PCR mRNA expression analysis of E-cad, N-cad, vimentin, and SCF of LNCaP cells, and c-kit of mast cells {#sec2.5}
-----------------------------------------------------------------------------------------------------------

Real time quantitative RT-PCR (qRT-PCR) was performed with SYBR Green to investigate the expression of E-cad, N-cad, vimentin, and SCF of LNCaP cells, and c-kit of mast cells. The qRT-PCR amplifications were carried out in triplicate in a total volume of 25 μl containing 12.5 μl SYBR Green 2 × Supermix, 1 μl of the 1 : 5 diluted cDNA, 1 μl each of forward and reverse primers, and 9.5 μl PCR grade water. The qRT-PCR program was 50^o^C for 2 min, 95^o^C for 10 min, followed by 40 cycles of 94^o^C for 15 s, and 55^o^C for 30 s. All analyses were based on the cycle threshold (CT) values of the PCR products. The CT was defined as the PCR cycle at which the fluorescence signal crossed a threshold line that was placed in the exponential phase of the amplification curve. Melting curve analysis of amplification products was performed at the end of each PCR reaction to confirm that only one PCR product was amplified and detected. Differences in the CT for the target and the internal control, called ^Δ^CT, were calculated to normalise the differences in the amount of total nucleic acid added to each reaction and the efficiency of the RT-PCR. The ^Δ^CT for each sample was subtracted from the ^Δ^CT of the calibrator; the difference was called the ^Δ^ ^Δ^CT value. Gene expression was assessed using two to three technical replicates and three biological replicates. The beta-actin was used as an internal reference to normalise each sample. Fold-change was calculated using the 2^−^ ^Δ^ ^Δ^Ct method. The primers used are shown below:

1.  -- E-cad, forward primer: 5'-GTCTCTCTCACCACCTCCACAG-3', and reverse primer: 5'-CTCGGACACTTCCACTCTCTTT-3',

2.  -- N-cad, forward primer: 5'-AGGGTGGACGTCATTGTAGC-3', and reverse primer: 5'-CTGTTGGGGTCTGTCAGGAT-3',

3.  -- vimentin, forward primer: 5'-GCGAGGAGAGCAGGATTTCT-3', and reverse primer: 5'-GGTATCAACCAGAGGGAGTGAA-3',

4.  -- SCF, forward primer: 5'-ATAGTGGATGACCTTGTGGAG-3', and reverse primer: 5'-TGTGACACTGACTCTGGAATC-3',

5.  -- c-kit, forward primer: 5'-TTATGCACTGATCCGGGC-3', and reverse primer: 5'-ACCAGCGTGTCGTTGTCT-3',

6.  -- beta-actin, forward primer: 5'-TGGCACCCAGCACAATGAA-3', and reverse primer: 5'-CTAAGTCATAGTCCGCCTAGAAGCA-3'.

Protein expression analysis of E-cad, N-cad, vimentin, and SCF of LNCaP cells, and c-kit of mast cells {#sec2.6}
------------------------------------------------------------------------------------------------------

The western blotting mothed was used to investigate the protein expression of E-cad, N-cad, vimentin, and SCF of LNCaP cells, and c-kit of mast cells. For western blotting, the same protein sample was separated on a 12% polyacrylamide gel under reducing conditions and then transferred to a polyvinylidene difluoride (PVDF) membrane (Roche Applied Science) and probed with anti-E-cad, N-cad, vimentin, SCF, and c-kit primary antibodies, respectively. The blots were developed using a TMB immunoblotting system. AlphaView image analysis software was used to analyse the relative expression of the target protein, which was expressed by the grey value of the target protein/beta-actin.

The mast cell migration rate and the proliferation of prostate cancer cell line were measured after the addition of c-kit neutralising antibody {#sec2.7}
-----------------------------------------------------------------------------------------------------------------------------------------------

The *in vitro* cell coculture model was used to investigate the mast cell migration rate and the proliferation of prostate cancer cell line after the addition of c-kit neutralising antibody. The experiments were divided into two groups: the control group with control antibody and the experimental group with c-kit neutralising antibody, cocultured for 24 h, and then the migration rate of mast cells was calculated in the two groups, and MTT colorimetric assay was used to measure the growth of tumour cells.

Statistical analysis {#sec2.8}
--------------------

SPSS17.0 software was used to deal with the measurement data. Two independent samples were compared with *t* test. *P* \< 0.05 was considered as the difference with statistical significance. Similar results were observed in at least three independent experiments.

Results {#sec4}
=======

The effects of prostate cancer cells on mast cell migration {#sec3.1}
-----------------------------------------------------------

To examine the effects of prostate cancer cells on mast cell migration, an *in vitro* cell coculture model was established and cell migration test was performed. As shown in [Figure 1](#f0001){ref-type="fig"} and [Table 1](#t0001){ref-type="table"}, 24 h after coculturing, under high magnification observation of mast cell group migration, compared with the control group, the migration rate of mast cells in the experimental group significantly increased, and the difference was statistically significant (*p* \< 0.01). These data suggested that prostate cancer cells could promote the mast cell migration.

###### 

Comparison of the migration rate (%) of mast cells between the experimental group and control group

  Group                $\overline{x}$ *s*   *p*
  -------------------- -------------------- ---------
  Experimental group   10.167 ±0.833        \< 0.01
  Control group        0.833 ±0.208         

p \< 0.05 is considered as the difference with statistical significance

![Prostate cancer cells could promote mast cell migration. The *in vitro* cell coculture model was established, as shown in the Material and methods section. 24 h after coculturing, the effects of prostate cancer cells on mast cell migration of experimental group (**A**) and control group (**B**), were observed under high magnification (400 ×), as shown in the Material and methods section](CEJI-43-32450-g001){#f0001}

The effects of mast cells on prostate cancer cell proliferation {#sec3.2}
---------------------------------------------------------------

To investigate effects of mast cells on prostate cancer cell proliferation, the MTT test was done. As shown in [Figure 2](#f0002){ref-type="fig"}, 12 h after prostate cancer cells were cocultured with different concentrations of mast cells, compared with that of the control group, the OD value of the experimental group had changes of no statistical difference (*p* \> 0.05), but 24 h and 48 h after coculture, the OD value increased significantly (*p* \< 0.05). These data suggested that, with the increase of mast cell concentration, mast cells could promote tumour cell proliferation.

![The proliferation of prostate cancer cells could be promoted by mast cells. The prostate cancer cells were cocultured with different concentrations of mast cells, and the OD values of each group were tested by methods of MTT, as shown in the Material and methods section](CEJI-43-32450-g002){#f0002}

The epithelial mesenchymal matter transformation markers, E-cad, N-cad, and vimentin, in LNCaP cells were measured at the mRNA and protein level {#sec3.3}
------------------------------------------------------------------------------------------------------------------------------------------------

To investigate the mRNA expression of the epithelial mesenchymal matter transformation markers, including E-cad, N-cad, and vimentin, in LNCaP cells, the qRT-PCR method was used. As shown in [Table 2](#t0002){ref-type="table"}, compared with that of the control group, in the experimental group E-cad mRNA expression was significantly weakened, N-cad and vimentin mRNA expression significantly increased, and the difference was statistically significant (*p* \< 0.05).

###### 

The epithelial mesenchymal matter transformation marker mRNA expression (N-cad, E-cad, vimentin) in LNCaP cells from the experimental group and control group

  Group                E-cad          N-cad          Vimentin
  -------------------- -------------- -------------- --------------
  Experimental group   2.743 ±0.475   0.802 ±0.140   0.692 ±0.723
  Control group        0.711 ±0.133   1.851 ±0.189   0.927 ±0.472
  *p*                  0.002          0.001          0.009

p \< 0.05 is considered as the difference with statistical significance

In addition, to show the protein expression of the epithelial mesenchymal matter transformation markers, including E-cad, N-cad, and vimentin, in LNCaP cells, western blot method was used. As shown in [Fig. 3](#f0003){ref-type="fig"}, compared with that of the control group, in the experimental group E-cad protein expression was significantly weakened, N-cad and vimentin protein expression increased, and the difference was statistically significant (*p* \< 0.05).

![The epithelial mesenchymal matter transformation markers, E-cad, N-cad, and vimentin in LNCaP cells were measured at the protein level. The protein expression of E-cad (**A**), N-cad (**B**), and vimentin (**C**) of LNCaP cells from the control group and experimental group were measured by western blot method, as shown in the Material and methods section](CEJI-43-32450-g003){#f0003}

The mRNA and protein expression of SCF in LNCaP cells and c-kit in mast cells were examined {#sec3.4}
-------------------------------------------------------------------------------------------

The qRT-PCR and western blot methods were used to investigate the mRNA and protein expression of SCF in LNCaP cells and c-kit in mast cells. As shown in [Table 3](#t0003){ref-type="table"} and [Figure 4](#f0004){ref-type="fig"}, the mRNA and protein expression of SCF and c-kit in the experimental group was significantly higher than that in the control group, and the difference was statistically significant (*p* \< 0.05).

###### 

The mRNA expression (SCF and c-kit) in LNCaP cells and mast cells from the experimental group and control group

  Group                SCF            c-kit
  -------------------- -------------- --------------
  Control group        0.913 ±0.108   1.209 ±0.124
  Experimental group   1.647 ±0.339   1.672 ±0.167
  *p*                  0.023          0.018

p \< 0.05 is considered as the difference with statistical significance

![The protein expression of SCF in LNCaP cells (**A**) and c-kit in mast cells (**B**) from the control group and experimental group were measured by western blot method, as shown in the Material and methods section](CEJI-43-32450-g004){#f0004}

Mast cell migration rate and LNCaP cell proliferation were measured after the addition of the c-kit neutralising antibody {#sec3.5}
-------------------------------------------------------------------------------------------------------------------------

To further investigate the roles of c-kit in mast cell migration and LNCaP cell proliferation in the model of cell coculture *in vitro*, c-kit neutralising antibody was added to the experimental group, and the same type of control antibody was added to the control group, and then 24 h after coculture the migration rate of the mast cells and LNCaP cell proliferation in the two groups were examined. As shown in [Figure 5](#f0005){ref-type="fig"} and [Table 4](#t0004){ref-type="table"}, compared with the control group the migration rate of mast cells in the experimental group was significantly lower (*p* \< 0.05). MTT assay was used to measure LNCaP cell growth in the two groups, and when compared with that of the control group, the OD value of the tumour cells in the experimental group significantly decreased (*p* \< 0.05) ([Table 5](#t0005){ref-type="table"}). These data suggested that the c-kit neutralising antibody could inhibit mast cell migration and tumour cell proliferation.

###### 

Comparison of the mast cell migration rate of the experimental group and control group after the addition of c-kit neutralising antibody

  Group                $\overline{x}$ *s*   *p*
  -------------------- -------------------- -------
  Experimental group   1.133 ±0.451         0.001
  Control group        9.567 ±1.484         

p \< 0.05 is considered as the difference with statistical significance

###### 

Comparison of the LNCaP cell OD values of the experimental group and the control group after the addition of c-kit neutralising antibody

  Group                $\overline{x}$ *s*   *p*
  -------------------- -------------------- -------
  Control group        1.258 ±0.149         0.007
  Experimental group   0.547 ±0.195         

p \< 0.05 is considered as the difference with statistical significance

![The mast cell migration could be inhibited by the c-kit neutralising antibody. The c-kit neutralising antibody was added to the experimental group, and the control group was given the same type of control antibody, and then 24 h after coculture, the mast cell migration of experimental group (**A**) and control group (**B**) was observed under high magnification (400 ×), as shown in the Material and methods section](CEJI-43-32450-g005){#f0005}

Discussion {#sec3}
==========

In this study, the mast cell P815 and prostate cancer LNCaP cells were chosen using Transwell chambers to construct a two-cell cocultured *in vitro* model to observe the migration of the mast cells to prostate cancer cells, and we have shown that the inflammatory mast cells could promote the proliferation of prostate cancer cells and the occurrence of epithelial mesenchymal transition (EMT), which could promote the invasion and metastasis of prostate cancer cells.

The effects of inflammation on prostate cancer were mainly through the local inflammatory cells, which could release cytokines and produce a large amount of active oxygen species (reactive oxygen species, RNS ROS) and reactive nitrogen species, which formed the tumour micro environment and then stimulated the growth of prostate cancer cells *in vitro*, as well as blood vessels and lymphatic vessel formation, and promoted prostate cancer cell invasion and metastasis; important inflammatory cells included mast cells (mast cells and MC), tumour-associated fibroblasts (cancer-associated fibroblast, CAF), etc. \[[@cit0010]\].

So far, there have only been a few studies about the effects of mast cells on prostate cancer cells. These studies have shown that mast cells can stimulate the growth of PCa in several different animal models, but the roles of mast cells in PCa is not clear. It was found that mast cells were infiltrated in the primary tumour and the edge of the healthy tissue \[[@cit0011]--[@cit0013]\]. The signalling pathway of proliferation and differentiation of PCa cells was closely related to c-kit \[[@cit0014]\]. Stem cell factor (SFC) was found in the 1990s, as kit ligand \[[@cit0015]\], mast cell growth factor \[[@cit0016]\], and stem cell factor \[[@cit0017]\], now known as stem cell factor. Consistent with this, in this study, by QRT-PCR assay and western blot experiments, the mRNA and protein expression of SCF and c-kit in the experimental group was significantly higher than that seen in the control group, and the difference was statistically significant (*p* \< 0.05). And through Transwell experiment to successfully establish the coculture model of mast cells and prostate cancer cells *in vitro*, and with the use of c-kit neutralising antibodies, the migration of the mast cells to the prostate cancer tumour cell was significantly inhibited, then to block the prostate cancer tumour cell growth. These data showed that SCF/c-kit signalling pathway hastened the main role in the process of promoting the effect of mast cells on prostate cancer cells.

It was shown that mast cells could be continuously activated by SCF/c-kit signalling pathway, leading to NF kappa B pathway, sustained activation of MAPK/ERK pathway, and the hedgehog signalling pathway of multiple signalling pathways, to cause the abnormal expression of target genes, and abnormal expression of these genes might be associated with prostate cancer occurrence \[[@cit0018]-[@cit0021]\]. The specific mechanisms of these signalling pathways would be our further research direction.

Under certain physiological or pathological conditions, some epithelial cell polarity changes could be transformed into highly active, free movement of mesenchymal cells in the matrix, which is the process of epithelial mesenchymal transition (EMT). The basis of tumour invasion and metastasis comprises the two aspects of cell adhesion and cell movement. It was found that EMT tumour cells had stronger invasion and metastasis \[[@cit0022]\]. It was also reported that, through the construction of macrophages and prostate cancer cells in the *in vitro* and *in vivo* coculture model, the macrophages could promote the proliferation of prostate cancer cells, and the epithelial mesenchymal transition had a certain role in prostate cancer invasion and metastasis mechanisms \[[@cit0023]\]. These studies suggested that inflammation might be closely related to the occurrence and development of PCa. Currently, regarding the relationship between inflammatory cells and malignant tumours, there have been relatively few studies on mast cells. Studies have shown that in several different animal tumour models, mast cells could stimulate the growth of tumour, but their role in PCa is unclear. Therefore, it is of great significance to study the value of mast cells in the interaction between inflammation and PCa.

In conclusion, this study showed that after coculture, the prostate cancer epithelial cell polarity marker E-cad was down-regulated, and N-cad and vimentin expression of characteristic signs of interstitial cells was increased, indicating that mast cells had a certain role in promoting EMT of prostate cancer cells, and might promote invasion and metastasis of prostate cancer.
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